
World Applied Sciences Journal 27 (9): 1201-1205, 2013
ISSN 1818-4952
© IDOSI Publications, 2013
DOI: 10.5829/idosi.wasj.2013.27.09.13622

Corresponding Author: Bova, Southern Federal University, Nekrasovskiy, 44, 347928, Taganrog, Russia.

1201

Problem-Oriented Algorithms of Solutions Search Based
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Abstract: This article offers a modified search architecture, which uses multilevel evolution. It allows paralleling
the process of solution search and partially eliminating the problem of preliminary convergence of algorithms.
Breaking up the search into stages provides the opportunity to apply different algorithms (the evolutionary,
genetic and bee algorithms) at each stage. The mechanisms of evolutionary adaptation directly influence the
process of formation of the current population of alternative solutions and creation of a new population of
promising solutions based on it. Computational experiments allowed to update theoretical evaluations of time
complexity of the suggested algorithms as well as of their efficiency at solving complex practical problems.
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INTRODUCTION

Currently, great interest  is  shown  to  the methods
of  parallel computations for algorithms inspired by
natural systems. They include bionic, swarm, genetic and
other algorithms. They use the model of evolutionary
development, the main element of which is a  population
of individuals (the array of alternative solutions of an
optimization problem). At that, efficiency of the heuristic
algorithms performance improves due to parallel
development of several populations [1].

One of the efficiency improvement lines with respect
to solution of optimization problems is development of
new problem-oriented approaches and biologically
inspired algorithms, which allow to reduce search time,
acquire quasi-optimal solutions with polynomial time
complexity and formalize the design development and
decision-making processes [2]. This article suggests a
modified search architecture, which uses multilevel
evolution [3]. It allows paralleling the process of solution
search and partially eliminating the problem of preliminary
convergence of algorithms.

Modified Architecture of Evolutionary Search: To solve
optimization problems of data mining with respect to
solutions, the authors suggest to use the modified
architecture of evolutionary search, which is represented
in Figure 1. Fig. 1: Modified architecture of evolutionary search
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If compared to the conventional scheme of genetic
search [3], the suggested evolutionary algorithm (EA) was
supplemented with blocks of evolutionary adaptation and
a block of unpromising solutions analysis. The function
of the block of evolutionary adaptation is to select and
implement various strategies and mechanisms of
adaptation, in which the selection of the used evolution
model is carried out based on the feedbacks. The peculiar
feature of this block is the option to set up and change
the order of usage and application of various genetic
operators and search schemes. Performance of the block
of evolutionary adaptation directly influences the process
of formation of the current population of alternative
solutions and creation of a new population based on it.

To represent the advantages of search optimization
algorithms efficiently, we suggest using the heuristics of
the analysis of unpromising solutions. This block
accumulates and analyzes solutions received during
execution of the EA. A certain rank is assigned to each
solution (individual) in the result of the performed
analysis (promising, unpromising, obvious, etc.) At that, Fig. 2: A problem-oriented GA
the temporal, topological, morphologic and other
parameters set at the input of the algorithm are taken into Let us provide a problem-oriented modified GA of
account, as well as constraints of the search area solution search,  the  scheme  of  which  is  provided  in
determined by them. Figure 2. The algorithm represents a consequence of

Ranking of the current population of alternative actions of an integrated strategy of seeking acceptable
solutions carried out within the considered block allows solutions of a considered problem or a task. The algorithm
improving the efficiency of the genetic search due to operation starts with input of information about the
better structuredness of the array of alternative solutions problem to be solved and the parameters of the algorithm.
and provides the opportunity to regulate the search Parameters of management of a problem-oriented GA
directions dynamically. Thus, we receive another tool for include:
self-adaptation and setting up of the EA parameters.

Problem-oriented genetic algorithm. Recent research Types and probabilities of genetic operators;
in the sphere of computational intelligence shows that at Number of breedings within one generation and
solving combinatory and logical problems of intelligent number of generations;
design development, it is necessary to apply integrated Number of generations, which after being determined
methods using the knowledge about the problems being will allow to correct the population in a dialog mode.
solved and the preliminary results [4,5].

At solution of complex practical problems through The initial population is formed in a random manner
genetic algorithms (GA), usually four preliminary stages and there are no repeating individuals at this stage of the
are carried out [1-3]: selection of the method of solution population. The value of the objective function for each
representation; development of operators of accidental chromosome is a certain conditional number determined
variations; determination of the “survival” of solutions; through a preset mathematical model [7].
creation of the initial population of alternative solutions. During the GA, the population of alternative
The GA seeks an equilibrium between efficiency and solutions is formed by way of execution of various
quality of solutions by means of “survival of the genetic operators. The main mechanism of acquiring new
strongest alternatives” in indefinite and unclear solutions is the crossing over operator (CO). The
conditions. The search of solutions in a randomly mutation operator (MO) is suggested to be applied with
selected direction often fails to lead to a quasi-optimal respect to offspring received in the result of the CO
solution [6]. Therefore, a modified technology of execution. The inversion operator (IO) will be applied to
integrated search is suggested. both parent chromosomes and offspring. 
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Thus, after one breeding iteration, provided all optimization problem, the location of the global extremum
genetic operators are executed (and their execution
depends on the probability value, which is set for each
operator individually), we receive 2 parent chromosomes,
2 crossing over offspring chromosomes, 2 mutation
offspring chromosomes, 4 inversion offspring
chromosomes, so the total is 2 original chromosomes and
8 offspring chromosomes. After all breedings have been
completed, the population will grow in size significantly,
so the reduction and recombination operators will be
applied to maintain the population integrity and will form
a new population out of the parents and the offspring.

The distinctive feature of the suggested modified
algorithm is the opportunity to correct the population in
a dialog mode, manage the process of the problem
solution on a real-time basis (e.g. add a solution to the
population, which has certain qualitative parameters, in
order to apply it later in a newly created initial array of
offspring-the alternative solutions).

In order to gather statistics on the performance of the
algorithm and the population development, the
mechanism of saving promising and unpromising
individuals to a file is used. This information can be used
at an iterated solution of the problem with changed
parameters of the problem or the algorithm; this procedure
is carried out in the block of the population analysis. The
algorithm ends after the preset number of generations has
passed. The best solution is decoded. The time
complexity of the developed GA can be expressed
through the formula: O( *n )-O( *n ).2 3

Meta Heuristic Swarm Algorithm: The promising
approaches to the solution of the most important
optimization problems include the biologically inspired
methods and algorithms, which use the strategies of
evolutionary modeling and the principles of natural
mechanisms of decision-making [2,6-8]. These are
methods of swarm intelligence (the bee, ant and other
algorithms) based on the principles of group behavior of
a decentralized self-organizing system [9].

The swarm algorithms (SA) appear as probabilistic
greedy heuristics, in which probabilities are set, based on
information on the quality of a solution, received from
previous solutions of an array of agents, which interact
with each other and with the environment on the local
level [10]. Let us consider the peculiarities of the swarm
intelligence methods as exemplified by the bee algorithm
operation (BA). Within the algorithm, each solution is
represented as a bee, which stores the location (co-
ordinates or parameters of a  multidimensional  function)
of a plot,  in which they can find nectar. As applied to  the

is the plot with the maximum quantity of nectar and at
that, it must be the only one [6,7].

The basic idea of the algorithm is that all bees at each
stage will be selecting the elite plots for exploration and
plots adjacent to the elite ones, which will allow to
diversify the solutions population at further iterations and
increase the probability of close to optimal solutions. 

Thus, the algorithm performance depends on the
following main parameters: the total number of the scout
bees; the total number of plots; the number of scout bees
at elite plots; the number of bees at other plots; the initial
size of the plots, i.e. the size of plots with their
adjacencies; the maximum number of iterations.

Let us provide a worded description of the BA.

Creation of a population of bees.
Evaluation of the bees' objective function (OF) within
the population.
Selection of plots within their adjacencies for the
search.
Sending scout bees.
Selection of bees with the best OF values in each
plot.
Sending worker-bees, which search randomly and
evaluation of their OF.
Formation of a new population of bees.
Verification of the conditions of the algorithm's end.
If they are met, then we proceed to Item 9; otherwise,
we proceed to Item 2.
The end of the algorithm.

The distinctive feature of the algorithm is its
capability to break up the search space into areas
dynamically (paralleling of search processes), which
decreases the time of the algorithm operation.

The concept of the considered evolutionary methods
is based on two completely different natural processes:
the BA is based on the social behavior of a swarm and the
GA simulates the process of evolution and natural
selection [1-3, 10]. The improvement of efficiency of the
integrated evolutionary search is possible by way of
combining these two methods.

Multilevel algorithm of combined search for
solutions. Let us consider the multilevel algorithm (MA).

Using the BA, we break up the array of solutions into
subarrays.
For each subarray, we find an optimal solution using
the EA that we have described above.
If the solutions meet the quality requirements, the
algorithm ends. Otherwise, we proceed to Item 4.



WASJ World Appl. Sci. J., 27 (9): 1201-1205, 2013

1204

Fig. 3: Evaluation of time complexity of a) and b) efficiency of algorithms

Based on the feedbacks, we select the evolution factors changed discretely between 0% and 100% at a
model, which will implement setting up and change of pitch of 10%. The size of the population also changed
the order of usage and application of various genetic discretely from 0 to 200 at a pitch of 20. In order to study
operators and search schemes. the probability of CO, the value of the MO probability was
For each subarray, we find an optimal solution set to 0%; in order to study the MO probability, the CO
through the GA (the quality of the received solutions probability was set to 100%; the size of the population in
is better than of those received through the EA, but both cases was equal to 100 individuals.
it requires more time). Three runs of each algorithm were carried out for

This MA illustrates the Divide and Conquer search function was recorded. If we take the optimization problem
strategy [1-3], i.e. complex optimization problems are to reside in minimization of the selected criterion, the best
divided into sub-problems. The main advantage is the fact solution will be the solution with the lowest value of the
that the probability to come within the local optimum objective function.
significantly lowers and the time reduces due to According to the results of the experiments, we can
paralleling processes. For each iteration, it is equal to the conclude that the optimal value of the CO probability for
search time within the most promising block. a modified problem-oriented GA is equal to 80% and the

Experimental research of algorithms. During optimal value of the MO probability is equal to 20%.
computational experiments, empiric dependencies as well
as ranges of change of input a priori parameters were CONCLUSION
identified, as well as a series of recommendations on the
optimal selection of them was developed. The performed Evolutionary conclusions in their function as
series of tests and experiments allowed to update variation of mathematical transformations, which
theoretical evaluations of the time complexity of the implement a certain source space of solutions under the
suggested algorithms and their behavior for the schemes rules based on simulation of mechanisms of evolutionary
of search of solutions of various structure (Fig. 3a) as well synthesis, are an efficient instrument for solution of the
as their efficiency at solution of complex practical most important optimization problems [11]. The
problems (Fig. 3b). mechanisms of absolute adaptation influence directly the

As we can see in the figure, the time complexity of process of formation of the current population of
algorithms has quadratic character. MA proved its alternative solutions and creation of a new population of
efficiency for problems of higher dimension. Usage of promising solutions based on it. To represent the
multilevel algorithm allowed to improve the quality of advantages of optimization algorithms of search, we used
solutions of such tasks by 3-8%. heuristics of the analysis of unpromising solutions, which

Let us carry out analysis of the dependence of a was based on operators and algorithms of search for
solution quality on the control parameters developed optimal solutions 
within the GA. The experiments were carried out using During computational experiments, empiric
various sample cases. The number if iterations was always dependencies and ranges of the input a priori parameters’
equal to 500. The values of the probabilities of the genetic change were identified, as well as a series of

each set of parameters and the value of the objective
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recommendations on optimal selection of them were 5. Bova, V.V., 2013. Model of Search and Analysis of
developed. The time complexity of algorithms has Solutions for Knowledge Management in Intelligent
quadratic character. The multilevel algorithm proved its Information Systems. Izvestiya SFedU, 11: 221-226.
efficiency for problems of higher dimension. 6. Kacprzyk,   J.,   V.M.   Kureichik,   S.P.   Malioukov,

In the future, it is necessary to arrange research and V.V. Kureichik and A.S. Malioukov, 2009.
development of approaches based on integration of Evolutionary     Models    of    Decision-Making.
methods of genetic search, evolutionary modeling, Studies   in   Computational  Intelligence,  Vol. 212.
principles of adaptation and self-organization of search Berlin Heidelberg: Springer-Verlag, pp: 23-114.
structures, mechanisms of improvement of design 7. Abraham,  A.,  G.  Grosan  and  V.  Ramos,  2006.
systems' intelligence using the model of knowledge about Swarm Intelligence in Data Mining. Berlin-Heidelberg:
the solved problem. Springer Verlag, pp: 267.
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